Abstract Displaced four-part fractures comprise 2-10 % of all proximal humeral fractures. The optimal treatment is unclear and randomised trials are needed. The conduct and interpretation of such trials is facilitated by a reproducible fracture classification. We aimed at quantifying observer agreement on the classification of displaced four-part fractures according to the Neer system. Published and unpublished data from five observer studies were reviewed. Observers agreed less on displaced four-part fractures than on the overall Neer classification. Mean kappa values for interobserver agreement ranged from 0.16 to 0.48. Specialists agreed slightly more than fellows and residents. Advanced imaging modalities (CT and 3D CT) seemed to contribute more to classification of displaced four-part patterns than in less complex fracture patterns. Low observer agreement may challenge the clinical approach to displaced four-part fractures and poses a problem for the interpretation and generalisation of results from future randomised trials.
Introduction
Fractures of the proximal humerus are common injuries. The incidence is about 73 per 100,000 and is likely to increase [1, 2] . Displaced four-part fractures are among the most severe injuries and comprise 2-10% of all proximal humeral fractures [3, 4] . The appropriate treatment for displaced four-part fractures is uncertain. Several techniques for percutaneous pinning, external fixation or open reduction and internal fixation including plate fixation, tension-band wiring, Kirscher wiring, transosseous suturing, intramedullary rod fixation, screw fixation and, recently, locking plates, have been proposed in observational studies. Most techniques have shown unsatisfactory outcomes except in 'valgus impacted' four-part fractures (Fig. 1 ) or in selected younger populations. Thus, most textbooks recommend primary hemiarthroplasty in 'classical' four-part fractures ( Fig. 2) and four-part 'fracture-dislocations' (Fig. 3 ) in elderly patients with poor bone quality, and open reduction and internal fixation in younger patients and in 'valgus impacted' fractures [4] [5] [6] .
Only few and disparate randomised clinical trials have tested various interventions for displaced four-part fractures [8] [9] [10] [11] , and systematic reviews have requested further randomised trials [12] [13] [14] [15] .
A reproducible identification of displaced four-part fractures is a challenge and poses a problem for the interpretation and generalisation of results of randomised trials. Observer studies have reported low agreement among doctors classifying proximal humeral fractures according to the Neer system [16] . Some authors have reported a trend of lower agreement on more complex fractures, but no observer study has reported agreement among doctors classifying displaced four-part fractures. The aim of this study was to quantify observer agreement on classification of displaced four-part fractures according to the Neer system.
Materials and methods
We conducted a review of observer studies including data on displaced four-part fractures. Studies were identified from a systematic review of observer studies of proximal humeral fractures classified according to the Neer system [16]. Authors of all studies were contacted by phone or e-mail and asked for additional data. We extracted published and unpublished data on agreement among doctors classifying displaced four-part fractures. Mean kappa values for inter-and intraobserver agreement were calculated. Major differences in the prevalence of four-part fractures within the populations studied precluded a direct comparison of kappa values between studies [17] . We therefore compared mean kappa values for agreement on displaced four-part fractures to the overall agreement on the Neer system within each study. We also studied the agreement on classification of four-part fractures on different levels of clinical experience. In studies involving training of observers we analysed the pattern of changes after training.
Mean kappa values for inter-and intraobserver agreement and 95% confidence intervals were calculated according to Svanholm et al. [18] . Kappa values were interpreted qualitatively according to Landis and Koch [19] .
Results
Five observer studies provided data allowing for calculation of interobserver agreement on displaced four-part fractures [20] [21] [22] [23] [24] . In three studies kappa values for interobserver agreement could be calculated from published data [20, 23, 24] . In two studies [21, 22] the original data sheets were still available. Three studies provided data allowing calculation of intraobserver agreement [22] [23] [24] .
The prevalence of displaced four-part fractures ranged from 2 to 23% in the populations studied (Table 1 ). In the study involving training of observers the prevalence of displaced four-part fractures decreased from 10% (28 out of 294) to 2% (6 out of 294) after training. The decrease was found on all levels of clinical experience. Most commonly the initial assignment of displaced four-part fractures was changed to displaced two-part fractures (Fig. 4) .
In six out of eight classification sessions performed in the five studies, observers agreed less on displaced four-part fractures than on the overall Neer classification (Table 1) . Mean kappa values for interobserver agreement on displaced four-part fractures ranged from 0.16 to 0.48 (Table 1) indicating slight to moderate agreement. Specialists agreed more (mean kappa = 0.26) than fellows (mean kappa = 0.12) and residents (mean kappa = 0.10) [21] . A higher level of agreement was found in selected populations of displaced fractures evaluated by computed tomography (CT) or 3D CT [23, 24] than in unselected populations of consecutive patients [21, 22] . In the study involving training of observers [22] mean kappa value for interobserver agreement on displaced four-part fractures increased from 0.22 to 0.32 compared to an increase in agreement on the entire Neer system from 0.27 to 0.62.
In the three studies allowing for calculation of intraobserver agreement on displaced four-part fractures [22] [23] [24] mean kappa values ranged from 0.26 to 0.55 as compared to 0.51 to 0.56 for overall agreement on the Neer system.
Discussion
We found a slight to moderate agreement among doctors classifying displaced four-part fractures according to the Neer system. The agreement on four-part fractures was lower than the overall agreement on the entire Neer system in six out of eight classification sessions.
Strengths and weaknesses of the present study
Selection of five studies due to lack of data in another seven studies from the systematic review [16] may potentially bias the results due to an association between reporting of the data and the nature of the results. However, the systematic review found no association between high methodological quality and level of agreement regardless of explorative sensitivity analyses [16] . A re-analysis of quality assessment data (on a scale from 0 to 9) from the systematic review reveals no difference in methodological quality between the five studies reporting agreement on four-part fractures and the other seven studies (mean quality score 6.0 [range, [3] [4] [5] [6] [7] [8] [9] as compared to 4.9 [range, [2] [3] [4] [5] [6] [7] ).
Kappa and the prevalence of the diagnosis Kappa decreases with very high or very low prevalence of the category under study [17] and a lower kappa value is expected when an uncommon category is studied. Thus, the reported kappa values should be interpreted in the light of the characteristics of the population under study. In a specialised shoulder clinic a higher prevalence of displaced four-part fractures can be expected than in a general trauma unit. This may explain the lower kappa values reported in the studies [21, 22] , including unselected cases from a general orthopaedic population with a low prevalence of four-part fractures.
Advanced imaging modalities and observer agreement
In studies including supplemental CT and 3D CT scans a higher agreement on displaced four-part fractures was found [23, 24] . Advanced imaging modalities have not been found to improve overall observer agreement on the Neer system in previous studies [16] . However, advanced imaging modalities may contribute more to classification of more complex fracture patterns, for example, fractures involving the lesser tuberosity. This may explain the somewhat higher observer agreement found in studies including CT and 3D CT scans.
Training of observers
The lower proportion of displaced four-part fractures reported after training in the Neer system could indicate that these fracture patterns are less common than previously reported. The observed changes in classification practise after training (Fig. 4) may be attributed to the emphasis during training sessions to include only displaced segments in the classification. If, for example, a displaced two-part surgical neck fracture involves undisplaced fractures of the tuberosities, it may have been classified as a four-part fracture prior to training and, correctly, as a two-part fracture after training. It is not clear, however, why specialists did not agree more after training (mean kappa = 0.33) as compared to their overall agreement on the Neer system (mean kappa = 0.79).
Patterns of displaced four-part fractures
Displaced four-part fractures can be divided into three patho-anatomical patterns of increasing prognostic severity: 'valgus impacted' fractures, 'classical' fractures, and 'fracture dislocations' (Figs. 1, 2 , and 3, respectively). There is, however, no consensus about the clinical importance of identifying these different patterns of displaced four-part fractures. The valgus impacted fracture pattern was not included in the original Neer system. In a later review paper [25] Neer proposed consideration of four-part fractures as a continuum of lateral displacement progressing from minimal displacement (Neer group 1) to displaced four-part fractures (Neer group 12) and four-part fracture dislocations (Neer group 13 and 14). The four-part valgus impacted fracture pattern can be regarded a 'precursor' to the 'classical' four-part fracture with lateral displacement (Neer group 12). According to Neer, it may be difficult for surgeons to agree on the incidence and treatment of a borderline lesion.
28 four-part assignments before training were reduced to 6 four-part fractures after training
• 27 four-part fractures were changed to:
5 non-displaced fractures 16 two-part* fractures 6 three-part fractures • 1 four-part fracture remained unchanged • 2 fracture-dislocations were changed into 2 four-part fractures • 1 two-part* fracture was changed into a four-part fracture • 1 three-part fracture was changed into a four-part fracture • 1 articular surface fracture was changed into a four-part fracture Fig. 4 Pattern of changes in assignment of displaced fourpart fractures after training. *'Two-part fractures' include isolated, displaced anatomical neck, surgical neck, greater tuberosity, and lesser tuberosity fractures Previous observer studies have not distinguished fourpart fracture dislocations from two-and three-part fracture dislocations. In our review, only displaced, but not dislocated, four-part fractures were included. Some authors have found no statistically significant difference in clinical outcome between four-part fracture dislocations and displaced four-part fractures without dislocation [26] . Thus, to distinguish 'classical' four-part fractures from four-part fracture dislocations may be less important from a clinical perspective. Furthermore, it has been suggested that fracture dislocations should not be classified until the dislocation is reduced [27] .
Unanswered questions and future research
The conduct and reporting of randomised trials on interventions for displaced four-part fractures is facilitated by a reproducible fracture classification. No observer study has attempted to quantify the agreement on different patterns of four-part fractures and treatment decisions among shoulder surgeons. We think that such a study would be valuable. Until then, reported effects of interventions for displaced four-part fractures should be interpreted cautiously.
